Introduction
The CO + ethylene (C 2 H 4 ) reaction participate as product in important chemical processes of class of fuels in combustion. 1, 2 Investigation on the reactions of hydrocarbons with some atmospheric species can provide significant insights into combustion, hydrocarbon synthesis, interstellar space and atmospheric chemistry. Ethylene is one of the highest volume chemicals produced globally. 3, 4 In addition, ethylene is an important element in petrochemical industry. 5 The study of reaction CO + C 2 H 4 give support to understanding the whole combustion mechanism and is useful for establishing appropriate models for combustion simulations under the atmospheric condition.1 In this work we investigated the pathways reaction of the CO + ethylene reaction. Initial equilibrium geometries of the reactions, intermediate reactions, transitions states, and product were optimized at density functional CBS-QB3 6 to all species involved in the reaction. The rate constant has been calculated using transition state theory 7 and Wigner, Eckart tunneling correction factor 7, 8, 9 and writing down in the Arrhenius form for temperature range of 100 -4000 K.
Methods

TransiTion sTaTe Theory
Based on the transition state theory, the thermal rate
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constant (TRC) of a bimolecular reaction, A+BC →TS → C+AB can be written as 8 :
where KB and h are Boltzmann and Planckconstants, while T is the temperature and R i s the universal gas constant. Q TS and Q R (Q A Q BC ) are the partition functions of transition state (TS) and reactant (R=A+BC), respectively. In this work, we have considered two corrections for the tunneling effect: Wigner (KW(T)) and Eckart (K E (T)). The Wigner transmission coefficient is given by 7, 8 and the Eckart tunneling correction (K E (T)) is obtained solving the Schrödinger equation for the V:
here the transmission probability (Γ(E)) is given by: with The TRC were then written in the Arrhenius form as:
where A is the pre-exponential factor, n is the temperature power factor and E a is the activation energy.
ab iniTio CalCulaTions
The CBS-QB3 method 6 encompasses the so called complete basis set model chemistries originally developed by Peterson and coworkers. CBS models involve low-level (SCF and ZPE) calculations on large basis sets, mid-sized sets for second-order corrections, and small sets for high-level corrections. They include extrapolation to the complete basis sets to correct Møller-Plesset second-order energies in addition to empirical and spin-orbit interaction corrections. [10] [11] [12] [13] [14] [15] [16] Specifically, the CBSQB3 method involves the following steps:
i. B3LYP/6-311G(2d,d,p) geometry optimazation.
ii. B3LYP/6-311G(2d,d,p) frequencies with a 0.99 scale factor for the ZPE.
iii. UMP2/6-311+G(3d2f,2df,2p) energy and CBS extrapolation.
iv. MP4(SDQ)/6-31+G(d(f),p) energy.
v. CCSD(T)/6-31+G* energy. Finally, the total and free energy are calculated from the following:
where ΔECBS is the term correcting the basis set truncation error in the second-order energies, and the energy terms ΔEMP4, ΔECCSD(T), ΔEemp, and ΔEint are calculated from the following respective equations:
The CBS-QB3 method has been employed in our work to optimize the geometries of the reactant, complex reactants, transition states, complex products and products of the reaction of carbon monoxide with ethylene (CO+C 2 H 4 ). Vibrational frequencies calculated at CBS-QB3 levels were used for characterization of stationary points as minima and transition states, for zero-point energy (ZPE) corrections, because it is known that the ZPE value is significant in hydrogen-bonded systems. 17 The number of imaginary frequencies (0 or 1) indicates whether a minimum or a transition state has been located. To confirm that the transition state really connects with designated intermediates along the reaction path, the intrinsic reaction coordinate (IRC) 18 calculations were performed. Also, the IRC calculations were used to confirm the connection between the designated transition states and the reactants or products. All quantum chemistry calculations were performed with Gaussian 09 program.
Results and Discussion
The relative energies (the total energy of the reactants is set to zero for reference) of all species involved at the CBS-QB3 level are summarized in Figure 1 . During the simulations, we found four pathways for the Potential Surface Energy -SEP. We found some pathways that were proposed by Karami and Vahedpour1 and we found two news pathways. Our results for the reactants, intermediates and products are in good agreement compared with results obtained by Karami and Vahedpour, and all real frequencies and any transition state has only one imaginary frequency.
In Table 1 we display the rate constant for the CO + C 2 H 4 → C 2 H 3 COH reaction to temperature of 250K. 
Conclusions
In this work, the CO+C 2 H 4 reaction potential energy profiles were determined based on the geometrical optimization, frequency and energy calculations at the CBS-QB3 level. Our simulations for the SEP predicted two new pathways for the CO+C 2 H 4 reaction and for the others paths presented in good concordance with SEP investigated by Karami and Vahedpour. The thermal rate constants showed high possibility of occurrence at room temperature for the pathway studied.
